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Determination of folic acid in complex nutrients supplementation by high
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Abstract: To establish a high effect and strong anti-jamming ability analysis method for
determination of folic acid in complex nutrients supplementation by high performance liquid

chromatography-ultraviolet (HPLC-UV). Using vitamins and minerals tablets as the representative



sample. Folic acid was extracted by alkalescent saturated ethylenediamine tetraacetic acid
disodium salt (EDTA) extraction solution for the first time with ultrasonic extraction pretreatment
method, and it was also protected well at the same time. The extracting solution was detected by
HPLC. The assay was validated in the concentration range of 0.9912~49.5615 pg/mL (+>=0.9999).
The average recovery was 99.08 %. The results of parallel experiments RSD=1.01 % (n=6).
Method limit of quantification LOQ=0.15 pg/mL. After the systematic validation, the improved
method has been successfully applied to detect folic acid in compound vitamins and minerals
tablets and complex matrix functional food. The new method is easy to operate, with high
extraction efficiency and strong anti-jamming ability, and can be used for determination of folic
acid in compound vitamins and minerals tablets and many other complex matrix functional food.
It also provides a new approach for determination of folic acid in functional food-complex
nutrients supplementation.
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Agilent 1260 HPLC = Z0BAH (354X (P48 Akl &, S5 [E Agilent 47D ; FE 20 %! pH
it ME 204/02 73 #r K7 CGii EHERFE)-FEM 2 A 7)) SBL-10DT i A BB IRIE VNl (T
FZEVBEAR AR ; GWB-1 B4kl ClbatEri A AR A )+ HH-4 /K5
CHEMEFEBESEAIRAT) « XH-C BUgimi &4 CHIMBBCERREA R A 7D .
2.3 EWRITIE
2.3.1 W

0.1 mol/L FRERENTEWL: FREL 5.3 g BREREN, FH 0.5 L AKFRE R

2 mol/L FRERENTAW: FREX 106 g BREREN, F 0.5 L /KFRRRIA iR

YA Z —J DY B8 — B ER T PRI 120 g 4 DY B8 —AW#E T L L Bedfrr, ik 1L,
PEFE I P A 1 he

B SRR A Z %Y LR — AN + 2 mol/L BRIRBAVA L = 80 + 25, pH~9.



WENAH (BERR R e (pH 5.0) ) = FREX 2.0 g R —E4H, A 650 mL /K¥fE,
15mL 0.5 mol/L YT H: S A A8 1) AV . 7 mL /) 1.0 mol/L BERRVAVEUAN 270 mL HJ H
i, YBEIE, H 1.0 mol/L BERRIEWIR T pH 2 5.0, H/AKMBEZE 1L, #EAELIESH.
2.3.2 it
A Waters Xselect HSS T3, 4.6%150 mm, 3.5 pm; Rl : 280 nm; #ERE(RFH.
10 pL; E: 1.2 mL/min; AEdR: 35 °C; @47H[E: 20 min; JishAH: @RS (pH
5.0) 5 SHREEBEML
2.3.3 X HEE it VA YR
xof BRI A AT RS REPREN 12 mg MHRRGTHELEL , FH 0.1 mol/L PRI BRIRR B 4 T00ER 75 A it
SERZE 100mL, 4 CHEGIRAE
Xof B ARV MERIAS I 1 mL MR HE S A AT, 2T BT 10 mL AR R,
F 0.1 mol/L [BRIRIA B T2, #5.
2.3.4 il A b 2
BEALHEL 20 iDL EZFhEE R VI (5. 20200704) BFES Ak, FEEFREL 0.5 g

CFEH22 0.001 g) T 25 mL B SN H, A 20 mL fHm 3200/, #85) (At ™ mil
PE R SERRAN I, O R R A BRI A 10 pg/mL A AT RIE) o HEAHEEL 10 min GRS
The 80 ws ARIRFETENR 20 C) , WiRIRRZN AR 2 I, AN P 1 BR e 8 787 iR
. BUHARA A, MIRBGHERZZIE, B4, #E8 3min 5, B EHERE 0.45 pm 7KAH
JERE, BH.

2.3.5 {X &R 5E

3 H %o R T AR VR AT 10 pL v N 1R RGRAR il S b AT I i, P AR BRI
() M, (0 b A W THI AR E o 285 HE B IR KD G AR, AR D7 VR T AL 3R B it A R Y
3 GRG0
3.1 AR 7 HIN 5T iR

GB 5009.211 & i 224 E b & i T ERIIINE ) AU 1 SR ZSHE LT 1 55 77 e I e
URR IR 63 AA 1 7 AT BRI E , R G, ARG B R (R 3008 20-24 h, %051
& AT RS2 FEEN B ENE; GB 15570 (&M 2B b & fhain
MERY K (REZH) 8 MR TN R 0.5 %EUKE IR, ERHANHEESE
FEFANFEFUNS, K Z5 AR TR & 1 30~50 %, FLHJRFNE JBER T REy
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AeFE 7 G — R AR ICE, JREE A (REZ ) DUEEN 9101 43 BT 7756 uE SR 5 J5 )
BEAT 75V B0
3.2 REURIERE KR ERAL

T EREAREE, HAEK . ZWE IR AR R AN, T 555 S AN IR E 10 %
BRIRAN AR 50 75 o DR PR (R SR SR B T D S5 e P 7K V0 T W St v b R ) B B R
ey RS, AR RY RS A E SRR T, 2% AR il i 25
(221, W LR EDTA BT B #c I EAA e 45 R . £Hx A F EDTA WK EZBEATIR
1, S8R RIBEE EDTA FOKEER N, SEBGRPT T SR n, R (& & A 45
RALA PR, BEREMIIGRINEARRF, Hid &1 EDTA W E AN 20f i A6 45 S 3t i
TR, S TEEBA BB, S UCR A EDTA RIBRIRBA/K A (pH
~9) AP S FREUR .
3.3 Bk ERERE

AL 2 R A S . RIS M K R ], S BN R B A ) R
A (Cs. Cis, @IEME. ZEHHD , REBEKAE (3.5 um. 5 um) , MEARFEEERHE
K (100 mm, 150 mm, 250 mm) %554, DA 335 2 R 0 i i 55 2 0 06 LA (R 40 9
Ry, (F T BT SCREIH R S BT IR, A5 B SR AR ke . S 4 AT
kR G AL A Y5755 (0 HSS T3, 4.6%150 mm, 3.5 pm ik,
3.4 LRREEER

BT (1 RS AREUBD SR CRESINTH BRI 72 (LR 2 Fh g 10 Y
FO R HE S AR I (AR GEE R D BT R TR, B 1 2R
HI T2 R RL 2 I EE IR HH 0 7 B8 A VA S8 MRS, TR BN B A AR DR IR R A s
PR X HEL ot YA BRIV T VA VR P IR e 7 B R B T () 56 4 — B, AR b 1 R I DAD
AP R RLF, KRR SR EET RGN . RS IR >5000, ik
RAF, fERE T 1.01, FUEFIFTJE A% BT 7 B RE 735 6.68 A 11.65, Jiff /2 (il & 8K,
AT AT SR R AT
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(A: RAI=RIEE; B: HEEXMBRBEER; C: H=AERE; D: HXRFREE)

(A: The chromatogram of reagents blank; B: The chromatogram of Folic acid standard;
C: The chromatogram of excipients blank; D: The chromatogram of sample solution)
E1 FEEREERIEE
Fig.1 The chromatograms of method specificity
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JERLACH] 0.9912. 1.9825. 4.9562. 9.9123. 19.8246. 49.5615 pg/mL — R FAR[FHK L
I B 0T HE S VA BCEE AT I 7, DA W T AR O A AR, T OGS HE T VB VRO BE AR AL s, EAT 2K
PERNH 5B, 25 AT 2 R RE SRR Y 0.9912-49.5615 png/mL il 2Pk &R R AT,
LML RE: ¥=39.1%X+2.3017, AHIRAREL =0.9999. LAEARiEMLILIE 2 P,

M F I I B R I, A T e iR, HEREE (SN
A S/N=10:1 Fll S/N=3:1 Jfr e [N F¥ B B U 78 J5 15 1) 8 B PR PR o SRIR 5 2R . IR
W N 0.15 pg/mL B, HER TIE(EMEEL S/N=17.5>10, L EBRER; FRHKEN0.10
pg/mL I, R FUE(EEEL S/N=4.9>3, i K I PREESK, 20 I7e iy /2 A DR A 80 it o R 1 25
AL EK
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Fig.2 The linear standard curve
3.6 FEEEEER
3.6.1 IUARHEH 52

) — /o R R VA VR (PHIRIRFEE 10 pg/mL) BEAT B HERE, B8NS
W PSR, 6 SNSRI VAV EE R (I TR 1) RSD=0.50 %: 6 EH AL i id i o
& TH A RSD=0.82 %, i £ E K.

3.6.2 HEMHEL

[ —HEK I 22 P e A= 2 W0, 3507 1R P AT S 2 6 U, A i B AR R
IR SR, BRINAMEEM. SKIRER 6 KIESS R RSD=1.01 %, fF&%K.

3.6.3 M ALK % i 5 5%

U3 SRR, AN SIS P AL S50 N 5, FEAS RIS 1) KA R AR B kAT &
BIE, FHEEIER PR ER . 6 4LNKE5 R RSD=1.84 %, UEW] 5% P IARS 2 B R 47
3.7 HHREEER

FESEBR ARG 2 R4 0 B o IR s AN [ B BE IR BE PR R, STAT
BEATFE G B AL B R ARSI R, TS AR R . BARKUE R 1. TR RRE
99.08 %, 9 VCTATIIFRIRK AT RSD A 3.02 %, EB 7 VA HER K1t
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Table1l The results of Spiked recovery rate

P
B ER FSEIN WES R BeR RSD
Fe5  FMiEEg Eg
JR A &/ug H/ug /ug 1% %
R /%
1 0.5070 112.9533 207.5252  95.41
2 0.5025 111.9507 99.1230 214.9431  103.90
3 0.5043 112.3517 214.0874  102.64
4 0.5061 112.7528 2263851  95.53

5 0.5075 113.0647 118.9476  231.8672  99.88  99.08 3.02

6 0.5079 113.1538 234.5931  102.09

7 0.5071 112.9755 2489366  97.97

8 0.5021 111.8616 138.7722  246.9465  97.34

9 0.5082 113.2206 247.8095  96.99
3.8 I EHEE

AT BRI A R, 50 E A BRI VE — B ) P R R AR e . B
HEZME (0. 4. 6+ 8. 10, 12h) TESIR . BEG AR T BCE MR B it VA R i IR £ 3 0
TR, BEATWAMRE MR 8, 25 LR B IR (W TR ZE 0~8 h WS A (RERIE &, b5 BT
TR, 12h JRLINRE 4 %A BBERT W, SRATA SO R 153 B 7 e i SR BUA R E TR
4F, 1 8 h Wik N A ES AT A MR AN 5 e FLE R &, 38 G R ER A ot 1D ] R 7 Ak 2 %
Gy BTASN o
3.9 i AEHE

BT /INE TR Y SO S 5 S, BT VA . 45 R ILLE TR #+0.05 mL/min
DARAEIR AR FES CHRIZMAETT, AR B b i R R W e AL GRRE R A, BRBERBUE
5000 LA, H b5 B % 0 G S R A B SR, T LAEAT E B4 AT
3.10 EFEHLER

T I EERE AR S5 3 5 B 5 = T A DAL [B] I 42 AR SCTT v SR PRk 2 Fh A R o
F 6 HERBER AT R I, VPG T VEE A [ S B (Rl K I . B BdE 2 SR SR 2 PR .
MAAZE RO —BOeM B2 R, BI5/7mERm T nEMes, J7TiEEIER I .
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Table3 Data comparison between different Laboratories by samples

Pl i KR R R -1 S LR R -2 i

20200704 20200705 20200706 20200801 20200802 20200803
(HLH% 800 mg/ F)

(i B g ol A€

178.23 179.65 180.01 199.89 201.05 198.25
(ng/ B

5 =I5 kAL
175.56 178.79 177.66 196.82 198.65 196.55

K EHE g/ A
“axt 20 (ug/ B 2.67 0.86 235 3.07 2.40 1.70
FHXTRZE (%) 1.50 0.48 1.31 1.54 1.19 0.86
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N D SRS ESL I W 7 & R, BN 4 B A =) E A R 10 7 7R PR A B
are i QR EFEE RS CEA @M. At A - B . MR K6
AT EA RS R IR EagEAR A MR BRI . SRR
Ve IR CRigil) « B IR s il 4EAE 308 IR A se R, BEAT RIHIE , A5 DI 45 R
572 bR A RIAR R (B HEAT EOXT o Bt 25 BAIE BB S R RS A8 B i B In B DR 4 — 2
XS IRZE AT 4.5 %o UEMIA T vEAENIE S BRI R 77 Ra7fl s UKL S5 770 (1 O i

£ 5 R RS I TR I T, B IR SRR
3 &

ASCBHTE R 59T MV AT EDTA 308 75 S U AE i AT ab 207 X, 454 HPLC 44
T AN, o T LA AR A AR IR R R & B SRR AN AP RS &
U0 PR AR 5 B P 5 PO I AR B 7 SRR R 2 25 V0 R R AR R o v (1 4 o s 3R S At i TR 3K Y
TH, PRmSRILE, T DARIEA RO G MR A AL B R T A B A . AR BT EUAT AR
o 24 i R E PR AR N i, ARSOER Rk DU Byt Titae R dRm, Jd
I M RS R R 700 Rl UKL S i 2 5 8 SR A e A T I & B lE , R R

R R TP E IR R IR A — 2 W IR 42



BE k-

(1] 20U, Zhik, T4, 5. EE R E IR R A 70 PR BUHF Ut R (1], DA 7T,
2021, 50(1): 158-163.

[2] " E TR E IR FA AL AR IR TAEA. EREATFE AR IGAD]. B
23], 2018, 40(6): 521-525.

3] ATt GG, SIAL, . S e ROBOR (i A B 4h ) LIC D5 LK o R () 2 B 7.
i TR, 2009, 30(03): 319-322.

(4] AEEE, =R, Mk SEEME S BN I E B4l ) LBCTT Wik b R & B i 7 vk b
B fri el sAk, 2018, 9(13): 3487-3500.

[5] ffd%, WIARR, ThOCHN, S FRURIANHE B L S0k R A B K DO T A ]
A TR AR, 2019, 10(21): 7290-7294.

[6] WkBE, FTHE, Z50E, 5. W ROBAE (LU VR DI E (R A 2 e RIS BE I RR 1K) 2 B (0], &
LA R RN 2R, 2021, 12(5): 1850-1854.

[7] HEOESE, FH. RE IR HIRE &) &aFE, 2014, 35(24): 290-294.

[8] SRRNER, BRIE, SIFEIA. BB b B o b7 5 i S HE R D). A Dok R, 2012,
33(10): 402-411.

(9] EFEAE, MTFR, X7 %k, 5. &8 H BRI E AR ] & &AL, 2020,
41(09): 294-300.

[10] FRER, FEAAS, ey, 5. [EAHZEE-HPLC #: 5 S AL AT AE 28 e kil e iz )8 77 & d b it
RIS &[], B an LAY, 2020, 41(19): 286-296.

[11] BEME. i e A0BOAR € 1 - B B0 O B V2 W00 2 3 2 U b R R[], ol B4, 2017,
38(24): 274-277.

[12] Zeff7, BRA, PhEB. FTrhmms il (9 o i s i 1t % B2 FI B FE R e T). iR
25,2021, 42(09): 214-221.

(131 XUNE, A, i, 5. — P g i B S PO N 7 & R[], frdt Tolk
RH%, 2013, 34(23): 303-310.

[14] 5277, FEERSE, LR, 55 BRI e FUb b R (K AN BE VP2 [T]. 8 22 A2
AR, 2021, 12(3): 968-974.

[15] saHENN, Mt PR 22, &5 SUEYNERIIH IR . AR . 443K B SMBU 45 5%
PIARAG[T]. B 522 & i A I 4], 2020, 11(1): 99-105.



[16] FHE-E, XUBREE, 260, 4. 2 FhcE Yl G o I 70k b i R 5 (0], & e
AR 22 4H), 2019, 10(6): 1486-1491.

[17] K8, MRR, RAE, & AP YRR B MM BRI YA VA BT FE s RELT].
TR, 2018, 39(24): 346-349.

[18] M, E&HEM, WO, 5. SR E f f b R & mVE ], 5 TR,
2019, 40(01): 229-233.

[19] &3, WA, BRiaSC, . 0 SR Rl B2 4 ) LAUB h vt R & =[], A 2 42
AT 243, 2018, 9(18): 4808-4811.

[20] CZARNOWSKA-KUJAWSKA M, GUJSKA E, MICHALAK J. Testing of different
extraction procedures for folate HPLC determination in fresh fruits and vegetables[J]. Journal of
Food Composition and Analysis, 2017, 57: 64-72.

[21] W75, Bhifh, ST, . TR $RHX- i ROROH (- 58 Ak 2 0 s gkt /2 o
IR & (1], B A BRI 2R, 2021, 12(9): 3721-3726.

[22] B, ¥, TR, . mRCRH G REEIE RIS M- E 68 R RN AR 4L R

] B EeiEll2Ek, 2021, 12(18): 7376-7381.



